Aeroelastic Equations of Motion
The aeroelastic equations of motion that are incorporated within CFL3D are similar to those described in Refs. 3 and 16. In this formulation, the equations are derived by assuming that the general motion of the wing can be described by a separation of time and space variables in a finite modal series. This modal series consists of the summation of the free vibration modes weighted by the generalized displacements. After applying Lagrange's equations to this system, the aeroelastic equations of motion can then be written for each vibration mode i as
where qi is the generalized displacement, rni is the generalized mass, ci is the generalized damping, k_ is the generalized stiffness, and Qi is the generalized aerodynamic force computed by integrating the pressure weighted by the mode shapes. The superscript dots in Eq. (1) represent differentiation with respect to time.
Time-Marching Solution
The solution procedure implemented in CFL3D for integrating Eq. (1) is that described by Edwards et al. aT' _s
The linear state equations are written as
where A and B are coefficient matrices that result from the change of variables xi = [qi _j_]T and ui is the nondimensional representation of the generalized force Q_. Equation (2) 
where ¢b is the state-transition matrix and O is the integral of the state-transition matrix from time step n to n + 1.
The predicted value of the generalized displacement £,,+1
is used to update the mesh for the next flow field calculation which is used in turn to evaluate the nondimensional thana C-O-type topology because thewindtunnel model hasasheared-off tip.Thiscanbeseen inthephotograph of themodel in Fig.2 .A partial viewof thesurface mesh on thewingandsymmetry plane is shown in Fig.4 Table 1 for M_ = 0.9 which verifies the addition of the structural equations of motion to CFL3D version 2. t. 
